Introduction
The majority of mammalian spermatozoa do not have the ability to move progressively or to fertilize an egg when they leave the testis. They require a post-testicular maturation process that takes place in the epididymis to become fertile (Orgebin-Crist, 1967 , 1987 Bedford, 1975; Brooks, 1987; Robaire and Hermo, 1988; Blaquier et ah, 1989) . The molecular basis for this process is poorly understood, but it appears that the expression of tissue-specific proteins by the epididymal duct epithelium plays an important role. The epididymis is a single convoluted duct that can be divided grossly into three major regions: caput, corpus and cauda. These regions can be distinguished by their epithelial cell morphology (for review, see Hamilton, 1990) as well as by their pattern of gene expression (for review, see Cornwall and Harm, 1995; Orgebin-Crist, 1996) , possibly reflecting the vectorial and progressive functions of sperm maturation and storage. Rodents (Ellerbrock et ah, 1994) and HE6 (Osterhoff et ah, 1997) have been cloned from the canine epididymis. Thus, of several mammalian species studied, the dog indicated the expression of a relatively high number of abundant, epididymis-specific gene products also expressed in men and offers a convenient and acceptable source of tissue sufficient for in vitro studies (Pera et ah, 1996) . Northern blot analysis (Beiglbòck et ah, 1998) and in situ transcript hybridization (Pera et ah, 1994) demonstrated that the relative abundance, as well as the spatial distribution, of the corresponding CEI, CE4, and CE5/CD52 mRNAs are very similar to that observed in the human epididymis (Kirchhoff et ah, 1991; Krull et ah, 1993) . Notably, these similarities did not include the human caput-expressed gene products, HE2 (Osterhoff et ah, 1994) and HE3 (Kirchhoff et ah, 1994) . However, the canine homologue of the epididymal secretory glutathione peroxidase expressed in the caput epididymidis, GPX5, has been cloned and, using our nomenclature, is referred to as CE7, while a corresponding human GPX5 has not been identified (Beiglböck et ah, 1998; Hall et ah, 1998) . These differences in (caput) epididymal gene expression may reflect species differences or differences in epididymal physiology between young, healthy animals and the elderly men suffering prostatic carcinoma whose tissues form the basis of studies in humans.
A global appraisal of specific gene expression in the canine epididymis has been started with the aims of achieving a better understanding of similarities and differences in epididymal gene expression among mammals and developing an alternative model system. A comprehensive differential screening procedure was applied to a canine epididymal cDNA library, using a similar approach to that adopted for the human epididymis (for review, see Kirchhoff, 1998 (Stratagene, Heidelberg, Germany; Ellerbrock et ah, 1994) was screened using a differential hybridization strategy essentially as described by Kirchhoff et al. (1990 product: GTCTTCACCACCATGGAG / CAGTACCTACTG GAACCG. PCR reactions were run as described by Para et ah (1996) . Non-radioactive probe hybridization was performed using the digoxigenin labelling-kit (Boehringer) as described by Pera et al. (1996) . 32P-labelling of the CE8-CE10 cDNA probes was performed by random primer labelling of isolated inserts comprising the open reading frames (Fig. 1) . Radioactive CEI-, CE4-, CE5-, CE7-and GAPDH-probes were prepared by randomly primed 32P-labelling of cDNA fragments as described by Ellerbrock et (Fig. 3) .
Rescreening of approximately 100 000 clones of the original canine epididymal cDNA library showed that the CE8-CE10 cDNAs were present at different, though relatively high, frequencies in this library (Table 1) . cDNA clones representative of each family of clones, and containing the longest inserts, were sequenced in both directions and their sequences were compiled by DNASTAR™ software to obtain 'near full-length' sequence information (Fig. 1) (Fig. 2) , which indicated microheterogeneity. The length heterogeneity of the CE8 mRNA was apparent also on northern blots. The longest compiled CE8 cDNA sequence ( Fig. 1; CE8 shorter PCR-derived sequence variants of CE8 showed deletions within the apparent signal peptide-coding region, although these did not influence the reading frame of the predicted mature protein (Fig. 2) . Assuming that the first inframe methionine of the longest variant CE8V1 codon is the true translation start site ( Fig. 1; CE8 ), the variant transcripts will encode polymorphic protein precursors, differing in length from the longest form by 10 or 20 amino acids at the N-terminus (Fig. 2) (Fig. 2) . BLAST protein database (NCBI, NIH, Bethesda, MD) searches revealed that the predicted spacing of ten cysteine residues was similar to that described for a number of proteins belonging to the Ly-6 superfamily, including the snake venom neurotoxins and the urokinase plasminogen activator receptors (for review, see Palfree, 1996) . The alignment showed that the predicted mature CE8 protein, like most members of this family, contained a single Ly-6 domain, but no glycosyl-phosphatidylinositol (GPI) anchor signal. There was also significant similarity to the caltrin protein from mouse seminal vesicle (Coronel et ah, 1992;  Fig. 2 The CE8-CE10 transcripts were localized within the epithelium of the dog epididymis by non-radioactive in situ hybridization, using digoxigenin-labelled antisense CE8-CE10 cRNAs as probes (Fig. 4a-j) . The specificity of the labelling reactions was confirmed by comparison with adjacent sections through the same tissue that had been hybridized with the corresponding sense riboprobes as negative controls. In situ hybridization signals obtained with the CE8 (Fig. 4a,b) and, especially, with CE9 ( Fig. 4c,d (Fig. 4e,f) and vas deferens (Fig.  4g,h ), while the caput and corpus sections were negative (data not shown). In some areas of the cauda epididymidis, a characteristic 'checkerboard' pattern of epithelial labelling was observed (Fig. 4i,j epididymides of various species, including humans, were hybridized either against one CE cDNA probe alone, or against a mixture of two different CE probes, the combination depending on the lengths of the hybridizing mRNAs. Cross-hybridization resulted in the detection of CE8-and CE9-related mRNAs in a few other domestic animal species, particularly bulls and the stallions, but not in humans or in rodents (Fig. 5) . No closely related counterparts were identified when the near full-length CE10 cDNA was used as a probe.
Regionalization within the epididymis and modulation of CE8-CE10 mRNA expression by cryptorchidism The CE8-CE10 mRNAs were analysed for their expression patterns along the length of the canine epididymis using standard northern blot analyses (Fig. 6) . GAPDH Maximum CE10 mRNA concentrations were observed in the distal corpus and cauda epididymidis.
In the unilateral cryptorchid condition, in which one testis plus epididymis is retained in the abdomen, normal amounts and expression patterns of mRNAs were observed in the scrotal epididymides which, thus, served as internal controls (Fig. 6 ). However, a marked reduction in the amounts of CE8-CE10 mRNAs was observed in the abdominally located organs, while CE4 and GAPDH mRNA concentrations were only mildly affected. When different regions of the epididymis were compared, a reduction of mRNA concentrations in the abdominal organ was most obvious for gene products that were spatially restricted. GAPDH and CE4 mRNAs, which were found in all parts of the normal canine epididymis, were also reduced, but only in the caput region. In the more distal parts of the organ, the expression of these transcripts was not affected or even slightly increased (Fig. 6 ).
Correlation ofepididymal mRNA concentrations with age Tissues included in this study were from nine dogs aged between 7 months and 9 years, each animal belonging to a different breed. In agreement with previous results (Ellerbrock et ah, 1994) , CEI, CE4, and CE5 mRNA concentrations did not vary greatly, indicating that there was no difference in their expression pattern related to breed or age. Therefore, these mRNAs served as internal controls for the study of possible variations of CE7-CE10 mRNA concentrations. Higher inter-individual variability was observed for the concentrations of CE7-CE10 mRNAs (Fig.  7a-d) . Moreover, this variability seemed to be related to the age of the animals investigated. Age-related reduction of mRNA concentrations was most obvious for the caputexpressed CE7-CE9 mRNA species (Fig. 7a-c) , while the cauda-expressed CE10 mRNA seemed to increase with age (Fig. 7d) . The ethidium bromide staining of the gels and the uniform amounts of the control mRNAs, respectively, ruled out any marked effect due to possible RNA degradation or uneven loading.
Arranging the animals according to their age into three arbitrary groups, aged < 2, 2-5, and > 5 years, respectively, allowed a simple statistical analysis of these observations (Fig. 8) . A total of three individuals per group was taken for this analysis, which confirmed the observed tendency for age-related differences in the expression of the caputrestricted CE7-GPX5 and CE8 mRNAs. These concentrations decreased significantly (P < 0.03; ANOVA), in correlation with the increasing age of animals (Fig. 8 ). This correlation with increasing age was independent of the substantial variations among individual epididymal mRNAs that may have been related to breed. A similar tendency, although not statistically significant, was observed for the CE9 mRNA concentrations (Figs 7c and 8) (Ellerbrock et ah, 1994; Pera et ah, 1994 Palfree, 1996) . Accelerated progress of evolution has also been suggested for WAPdomain proteins. The elafin proteinase inhibitor family members show extreme divergence in their WAP motif (Tamechika et ah, 1996) . Moreover, cross-hybridization with a probe of the caput-expressed CE8 with stallion epididymal mRNA was restricted to corpus RNA extract, indicating that, in contrast to earlier observations (Pera et ah, 1994) , the spatial distribution of some epididymal mRNAs varies among species.
The importance of having a number of such tissue-specific marker genes available was illustrated by a study of the direct effect of temperature on canine epididymal epithelial cells in culture (Pera et ah, 1996) (Lareyre et ah, 1997) . However, whether the decreasing CE7-GPX5 and CE8 mRNA concentrations directly reflect age-related testosterone decline remains unclear. Viger and Robaire (1995) showed that, in brown Norway rats, epididymal gene expression is specifically altered with age, and that the age-related effects vary depending upon the region of the epididymis studied. In particular, 5a-reductase type 1 and type 2 mRNA concentrations decrease significantly in the proximal epididymis of aged animals, but not in the cauda epididymidis.
Age-related alterations of epididymal gene expression, in combination with accelerated evolution of genes expressed specifically in the epididymis, provide an explanation for the apparent species differences observed, and for the difficulty in detecting counterparts of a number of epididymal gene products that have long been known from other species in human epididymides (all of which were obtained from elderly men with prostatic carcinoma). Future studies will extend the number of epididymis-specific gene products available, increasing the resolution of phenotypic differentiation possible, and apply these phenotypic in¬ dicators in more detailed studies of epididymal physiology and pathology. Furthermore, these genes may be used to probe the specific temporal and spatial expression patterns of the epididymis at the various levels of gene regulation.
